We report on published charmonium measurements performed by ALICE, at the LHC, in Pb − Pb collisions at a center of mass energy per nucleon-nucleon collision √ s NN = 2.76 TeV, at both mid (|y| < 0.8) and forward (2.5 < y < 4) rapidities. The nuclear modification factor of inclusive J/ψ is presented as a function of the collision centrality and the J/ψ transverse momentum, p T . The variation of the J/ψ mean transverse momentum square as a function of the collision centrality is also discussed. These measurements are compared to state of the art models that include one or several of the following mechanisms: color screening of the charm quarks, statistical hadronization at the QGP phase boundary, balance between J/ψ dissociation and regeneration in the QGP, J/ψ interaction with a dense comoving medium. Results on the production of the heavier and less bound ψ(2S) meson in Pb − Pb collisions at forward-rapidity are also presented and compared to both models and measurements performed by other experiments. At mid-rapidity we also report on ALICE unique capability to separate prompt and non-prompt J/ψ production down to low p T (≥ 1.5 GeV/c) and thus disentangle between effects on prompt J/ψ mesons and energy loss of b quarks in the QGP.
Charmonia (for instance J/ψ and ψ(2S)) are mesons formed of a charm and anti-charm quark pair. In relativistic Heavy-Ion (HI) collisions, such as those delivered by the LHC in 2010 and 2011, their production is expected to be altered by the formation of a Quark-Gluon Plasma (QGP), a state of the nuclear matter predicted by Lattice QCD calculations at high temperature and energy density and for which quarks and gluons are deconfined. Such modifications are quantified using the nuclear modification factor R AA , which is the ratio between the charmonium yield measured in HI collisions and the cross section measured in pp at the same energy, further normalized by the nuclear overlap function T AB . A suppression of the charmonium production in HI collisions with respect to pp corresponds to R AA < 1 whereas an enhancement corresponds to R AA > 1.
The left panel of Fig. 1 shows the J/ψ R AA measured by ALICE at forward rapidity (2.5 < y < 4) in Pb − Pb collisions at √ s NN = 2.76 TeV as a function of the number of nucleons participating to the collision N part [1] . It is compared to a measurement by PHENIX in Au − Au collisions at √ s NN = 0.2 TeV [2] . In both cases a suppression is observed for central collisions (large values of N part ), attributed for the most part to the formation of the QGP. It is however less pronounced for ALICE than PHENIX, although the collision energy is more than 10 times larger. This property has been attributed to the onset of a recombination component to the J/ψ production at LHC energies, which counterbalances the suppression observed already at lower energies. This is confirmed by several model calculations shown in the right panel of Fig. 1 and which are all able to reproduce ALICE measurements for central collisions, provided that a charm quark recombination component is added [3, 4, 5, 6] . Similar conclusions can be reached from mid-rapidity measurements, albeit with larger uncertainties [7] . Details on the mechanism by which J/ψ mesons are suppressed and (re)generated depend on the model and more differential comparisons are needed in order to discriminate between them. One can for instance consider the p T dependence of the J/ψ R AA for different bins of centrality or, the other way around, the J/ψ R AA as a function of N part for different bins of p T , as discussed in [7] . For the moment, most of the models shown in Fig. 1 are capable of reproducing these differential results too, at least qualitatively, but more systematic comparisons should be performed. In particular, for peripheral collisions extra attention must be given to the fact that at very low p T (typically p T < 300 MeV/c), a fraction of the measured J/ψ might proceed from coherent photo-production instead of hadro-production and is not expected to scale with T AB in absence of nuclear effects [8] . Such J/ψs should be properly accounted for or even removed from the measurement before comparing to the models cited above. Measuring the J/ψ mean transverse momentum square p T 2 as a function of the colliding species and the collision centrality provides another mean to study medium effects on the J/ψ production. In order to quantify differences between HI collisions and pp, the ratio r AA = p T 2 AA / p T 2 pp is formed. Measurements of r AA as a function of N part for NA50 [9] , PHENIX [2, 10] and ALICE [7] at forward rapidity are shown in Fig. 2 . The variation of r AA with respect to N part exhibits a striking energy dependence. At low energy ( √ s NN = 0.017 TeV), r AA increases with increasing N part , which is attributed to the Cronin effect [11] .
On the contrary, r AA shows no strong dependence on N part at intermediate energy ( √ s NN = 0.2 TeV) and decreases with increasing N part at LHC energy. This progressive change of trend is attributed to the onset of J/ψ produced by recombination in the plasma, and can be reproduced consistently by the transport model from [5] . As was the case for R AA , the uncertainties on the mid-rapidity r AA measurements performed by ALICE are larger than at forward rapidity. The values are however significantly below the ones measured at lower energy and no visible centrality dependence is observed, which is not well reproduced by models [12] . Fig. 3 . Ratio of non-prompt to inclusive J/ψ yields measured at mid-rapidity (|y| < 0.8), as a function of N part (left) and p T (right). Results are compared to similar measurements by CMS in Pb − Pb collisions as well as by ALICE, ATLAS, CMS and CDF in pp collisions [12] .
The high-resolution vertexing capabilities provided by the ALICE Inner Tracking System [13] allow to separate prompt and non-prompt J/ψ production at mid-rapidity in both pp and HI collisions. Prompt J/ψs correspond to direct production and decays from higher mass excited charmonium states, whereas non-prompt J/ψs originate from b-hadron decays and provide a measurement of b-quark energy loss in the QGP. The fraction of non-prompt to inclusive J/ψ yields, f b , is shown in Fig. 3 as a function of N part for 1.5 < p T < 10 GeV/c (left) and as a function of p T for 0 − 50 % collision centralities (right) [12] . No significant dependence on centrality is observed. Moreover, values of f b measured in pp and Pb − Pb collisions do not differ significantly within uncertainties. Consequently, the inclusive and prompt J/ψ R AA are very close and all the observations performed on the inclusive J/ψ R AA also apply to prompt J/ψs, at least at mid-rapidity.
Concerning the production of ψ(2S) mesons in HI collisions, ALICE has measured the ψ(2S)-to-J/ψ ratio in Pb − Pb at √ s NN = 2.76 TeV as well as the Pb − Pb over pp ψ(2S)-to-J/ψ double ratio as a function of N part [7] . These ratios could be used to discriminate between the various mechanisms invoked for the recombination component of charmonium production in HI collisions. Results are presented in Fig. 4 . For the moment, statistics is rather limited and for most central collisions, only 95 % confidence levels are measured. The measurements are well reproduced by both the statistical hadronization model [15] and a transport model [16] . Note however that there exists some tension between these results and the one reported by CMS in a slightly different rapidity range [17] . To summarize: (i) measurements of the J/ψ R AA (either integrated or differential) as well as its p T 2 are consistent with the presence of a regeneration component in the measured production yield, although no consensus exist on the mechanism of this regeneration; (ii) the contribution of non-prompt J/ψ from [14] and the statistical hadronization model [15] . Right: Pb − Pb-to-pp ψ(2S)-to-J/ψ double ratio as a function of N part compared to a transport model [16] .
b-hadron decays to the inclusive yields has no significant impact on the measured inclusive R AA and (iii) medium effects on ψ(2S) production in HI collisions are still largely unconstrained and some tension exists among available measurements. New data from LHC Run2 will certainly help with that matter.
